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Background and Objective: Chronic obstructive pulmonary disease (COPD) is a heterogeneous disease, with chronic bronchitis
(CB) and emphysema phenotypes. The aim of our study was to compare the distinct patterns of correlation networks for respiratory
symptoms and predictors of future exacerbations of different COPD phenotypes.

Methods: CB and emphysema were identified using a questionnaire and computed tomography images, respectively, and also
included patients with preserved ratio impaired spirometry (PRISm). We constructed separate correlation networks for each subgroup
using Spearman correlation coefficients. Predictors of future exacerbations were selected via least absolute shrinkage and selection
operation regression analyses in multivariable analysis.

Results: Among the 3436 patients, 2232 were non-CB, 1131 were CB, 1116 were emphysema, and 73 were PRISm groups. The forced
expiratory volume in one second (FEV1) and respiratory symptoms worsened in the following order: PRISm, non-CB, emphysema, and CB
groups. During the 1-year follow-up, 17.3%, 21.3%, and 18.9% of patients in the non-CB, CB, and emphysema groups, respectively,
experienced exacerbation. Each group showed a distinct correlation pattern between demographic characteristics, comorbidities, pulmonary
function, blood biomarkers, respiratory symptoms, and exercise capacity. Across all groups, lower FEV1 (%), higher white blood cell count,
higher erythrocyte sedimentation rate, and worse Saint George’s Respiratory Questionnaire symptom and total scores were identified as
common risk factors for future exacerbations. However, each group showed distinct predictors for future exacerbations.

Conclusion: The correlation network patterns and predictors of future exacerbations varied significantly depending on the COPD
phenotype. Further research is required to understand the heterogeneous COPD pathophysiology and facilitate personalized medicine.

Plain Language Summary: COPD has various subtypes, including chronic bronchitis, emphysema, and PRISm phenotypes. This
study compared symptom patterns and predictors of future exacerbation in these groups. We analyzed data from over 3400 patients and
observed that lung function and symptoms worsened in the following order: PRISm, non-chronic bronchitis, emphysema, and chronic
bronchitis. Each group showed distinct patterns of relationships between demographics, lung function, biomarkers, and respiratory
symptoms. Although some risk factors overlapped, each group had its own predictors for future exacerbation. Understanding these
differences among subtypes could lead to better personalized treatments for COPD patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a heterogeneous disease characterized by diverse phenotypes,'> which poses
significant clinical challenges in disease management and prognosis. Despite significant advances in the diagnosis and treatment
of COPD, this heterogeneity makes it difficult to understand the pathogenesis and predict the disease prognosis. Although several
subtypes of COPD are recognized clinically, including the frequent exacerbator subtype, asthma-COPD overlap, and upper lobe-
predominant emphysema,” it remains challenging to define, classify, and explain the various phenotypic manifestations.
Traditionally, chronic bronchitis (CB)*> and emphysema have been regarded as the two primary phenotypes of COPD because
of their distinct and well-characterized clinical and radiological features. Recently, preserved ratio impaired spirometry (PRISm)
has also been proposed as an important phenotype within the COPD spectrum, warranting further investigation.

This study aimed to compare the characteristics of different phenotypes of COPD using the Korean COPD Subtype Study
(KOCOSS) cohort database.® To understand the pathogenesis underlying the respiratory symptoms and functional capacity,
we compared the distinct patterns of correlation networks for demographics, lung function, blood biomarkers, dyspnea,
COPD-specific quality of life, and exercise capacity for each COPD phenotype. We also identified the predictors of future
exacerbations for each phenotype, addressing the other axis of COPD severity and prognosis. By highlighting these
differences, our study underscores the need for phenotype-specific approaches to managing this complex disease.

Methods

Study Population and Data Collection

Participants in the KOCOSS cohort (as of August 29, 2023) were included in this analysis. The KOCOSS study design
has been previously described.” Briefly, the KOCOSS is a prospective, multicenter, consecutive cohort designed to
identify COPD phenotypes and investigate the prognosis of COPD progression for each phenotype. Since April 2012, 54
medical centers in the Republic of Korea have participated in the KOCOSS. Patients aged >40 years with fixed airflow
limitation who confirmed using pulmonary function tests were included in the KOCOSS. Fixed airflow limitation was
defined as a post-bronchodilator forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) < 70%.
COPD was diagnosed and classified according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines.® Patients with PRISm, defined as an FEV1/FVC > 70% and an FEV1 < 80%, were also included in the study.”

Clinical Parameters and Subgroup Definitions

Patients’ baseline characteristics, including age, sex, smoking history, and body mass index (BMI), were recorded at the
initial patient visit. Pulmonary function tests, such as FEV1, FVC, FEV1/FVC, and diffusion capacity of the lungs for
carbon monoxide (DLCO), were performed at baseline and annually, following the manufacturer’s instructions. Patient
symptoms, quality of life, and functional exercise capacity scores were also obtained using the modified Medical
Research Council (mMRC) dyspnea scale, COPD Assessment Test (CAT), Saint George’s Respiratory Questionnaire
(SGRQ), and six-minute walk distance test. The BODE index was calculated using these variables.

CB was defined as frequent coughing and/or sputum production for > 3 months per year over 2 consecutive years, as
reported on patient questionnaires.'® Emphysema was identified using computed tomography (CT) images interpreted by
a chest radiologist. Additionally, patients with PRISm were classified separately in this analysis.

Exacerbations were defined as an acute worsening of respiratory symptoms beyond the usual day-to-day variation,
which necessitates a change in regular treatment. Exacerbations were classified as mild if manageable with short-acting
bronchodilators alone; moderate if they required short-acting bronchodilator combined with antibiotics and/or oral
corticosteroids; and severe if they needed hospitalization or an emergency department visit due to acute respiratory
deterioration, potentially requiring intravenous therapies or advanced respiratory support. The occurrence of moderate or
severe exacerbations was recorded during the 1-year follow-up. However, due to the low incidence of severe exacerba-
tions, we aggregated moderate and severe exacerbations into combined outcome for exacerbation in our analyses.
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Ethical Approval

The study was conducted in accordance with the principles of the Declaration of Helsinki. All participants provided written
informed consent, and the confidentiality of their personal information was protected. The ethics committee of each participating
center approved the study protocol (Institutional Review Board of Ilsan Paik Hospital, Inje University IRB No. 2014-05-118).

Statistical Analysis

Continuous data are presented as mean =+ standard deviation or median and interquartile range. Categorical data are presented as
number and percentage. The #-test or Wilcoxon rank-sum test was used to compare continuous variables, and the chi-square test
or Fisher’s exact test was used to compare categorical variables. Spearman’s rank correlation was applied to the correlation
matrix to generate the correlation network. In the correlation network, each variable was represented by a node, and links between
the nodes indicated the existence of a significant association with an absolute coefficient value of >0.3."" Stronger associations
(absolute coefficient of >0.4) were indicated by darker colors, with the thickness and darkness of the links representing the
strength of the correlation (Spearman’s coefficient), and the color denoting the direction of the association (blue for positive and
pink for negative). The igraph package was used to visualize the correlation networks. Zou’s method with an alpha level of 0.05
and a confidence level of 0.95 was used to compare the strength of the correlation between each variable.'> The cocor package
was used to compare the correlation strengths between paired variables in each patient subgroup. The predictors of future
exacerbations in the multivariable analysis were identified based on least absolute shrinkage and selection operation (LASSO)
regression analysis using the glmnet package.'* ' The accuracy of each model was evaluated by calculating the area under the
curve (AUC) of the receiver operating characteristic (ROC) curve using the pROC package. A ten-fold cross-validation was
performed using the boot package to assess predictive validity. All statistical analyses were performed using R software (version
4.3.1; The R Foundation for Computing, Vienna, Austria).

Results

Patient Characteristics

This study included 3436 patients with a mean age of 68.5 £ 8.0 years. Most patients (3168; 92.2%) were male. A total of 3363
patients were diagnosed with COPD, and 73 (3.1%) patients were included in the PRISm group. Among the COPD patients,
1131 (32.9%) met the criteria for CB, therefore, the non-CB group included 2232 (65.0%) patients. Emphysema was observed in
1116 (32.5%) patients on CT scan. The PRISm group had the lowest mean age, highest proportion of females, and highest mean
BMI (Table 1). The emphysema group had the lowest mean BMI. The CB group had the highest proportion of current smokers,
although the smoking amount was greater in the emphysema group. The prevalence of hypertension and heart disease was higher
in the PRISm group and lower in the emphysema group. Gastro-esophageal reflux disease (GERD), asthma, allergic rhinitis,
atopic dermatitis, and tuberculosis were the most prevalent in the CB group, and asthma and tuberculosis were the least common
in the emphysema group. The FEV1 (%) was highest in the PRISm group, followed by the non-CB, emphysema, and CB groups.
The FVC (%) was the highest in the emphysema group and lowest in the PRISm group. The FEV1/FVC (%), DLCO, DLCO
(%), DLCO/VA (alveolar volume), and DLCO/VA (%) were the highest in the PRISm group, followed by the non-CB, CB, and
emphysema groups. The mMRC and SGRQ-symptom scores increased in the following order: PRISm, non-CB, emphysema,
and CB. The white blood cell (WBC) count was the highest in the CB and emphysema groups, although the eosinophil count and
percentage were not different between the patient subgroups. The erythrocyte sedimentation rate (ESR) was the highest in the CB
group. The BODE index was the highest in the CB group and the lowest in the PRISm group. The number of individuals with
overlapping features (e-Figure 1) and their baseline characteristics are summarized in e-Table 1.

Correlations Between Variables

The correlation network between demographic, comorbidity, pulmonary function, laboratory, and quality of life characteristics
was constructed (e-Figure 2). The DLCO decreased with age, and the DLCO, DLCO (%), DLCO/VA, and DLCO/VA (%)
increased with BMI. The FVC was lower in women than in men. Comorbidities, including hypertension, diabetes, heart
disease, GERD, asthma, history of tuberculosis, allergic rhinitis, and atopic dermatitis, were not significantly associated with
any variable. FEV1 was negatively correlated with the mMRC, CAT, and SGRQ-symptom/activity/impact scores. The

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 hetps: 1269


https://www.dovepress.com/article/supplementary_file/496199/496199-revised-supplementary-material.docx
https://www.dovepress.com/article/supplementary_file/496199/496199-revised-supplementary-material.docx
https://www.dovepress.com/article/supplementary_file/496199/496199-revised-supplementary-material.docx

Koo et al

Table | Patient Demographic Characteristics

Total Population Non-CB CB Emphysema PRISm
(N=3436) (N=2232) (N=1131) (N=1116) (N=73)

Demographics
Age 68.5 + 8.0 69.0 + 7.9% 67.7 £ 8.1* 68.6 + 8.0 64.8 = 9.1*
Female sex 268 (7.8%) 179 (8.0%) 79 (7.0%) 45 (4.0%)* 10 (13.7%)
Body mass index 23.1 £34 232+ 34 229 + 3.4* 22.6 + 3.4% 242 + 3.7%
Smoking status

Never smoker 316 (9.2%) 200 (9.0%) 101 (8.9%) 32 (2.9%)* I5 (20.8%)*

Ex-smoker 2210 (64.5%) 1506 (67.6%) 664 (58.8%) 751 (67.4%) 40 (55.6%)

Current smoker 903 (26.3%) 521 (23.4%)* 365 (32.3%)* 331 (29.7%) 17 (23.6%)
Smoking pack-year 382 £ 270 378 £ 2642 39.3 £280 43.5 £ 26.4* 340+ 314
Comorbidities
Hypertension 1298 (37.8%) 862 (38.6%) 399 (35.3%)* 374 (33.5%)* 37 (50.7%)*
Diabetes 595 (17.3%) 391 (17.5%) 190 (16.8%) 191 (17.1%) 14 (19.2%)
Heart disease IS511 (44.1%) 984 (44.2%) 488 (43.2%) 445 (39.9%)* 39 (53.4%)
GERD 270 (7.9%) 151 (6.8%)* 114 (10.1%)* 78 (7.0%) 5 (6.8%)
Asthma 869 (25.4%) 511 (23.0%)* 345 (30.6%)* 249 (22.4%)* 13 (19.1%)
Tuberculosis 792 (23.1%) 487 (21.9%)* 286 (25.4%)* 219 (19.7%)* 19 (26.4%)
Allergic rhinitis 271 (7.9%) 141 (6.3%)* 122 (10.8%)* 70 (6.3%) 8 (11.1%)
Atopic dermatitis 66 (1.9%) 31 (1.4%)* 31 (2.8%)* 10 (6.3%)* 4 (5.6%)
Pulmonary function
FEVI (L) 1.66 £ 0.61 1.67 £ 0.62 1.6 +0.61* 1.63 + 0.63* 1.99 + 0.46*
FEVI (%) 57.0 £ 189 57.8 + 19.0* 54.9 + 18.7* 55.4 + 19.1* 65.3 + 9.5%
FVC (L) 323 £ 0.84 323 £085 325+ 08l 3.36 + 0.83* 2.72 £ 0.66*
FVC (%) 788 + 16.7 79.1 £ 168 79.1 £ 165 8l.1 + 17.2% 65.2 = |.3*
FEVI/FVC (%) 51.3 129 51.5+ 124 49.5 + 12.9% 482 + |2.3* 75.5 £ 12.3*
DLCO 13.42 + 481 13.46 + 477 13.26 + 4.86 125 + 4.7% 14.9 + 5.2%
DLCO (%) 65.1 £21.0 65.7 + 20.9% 63.7 + 21.0% 59.9 + 20.7* 69.2 £ 21.5
DLCO/VA 3.12 £ 097 3.13 £ 097 3.06 + 0.95* 2.79 £ 0.91%* 3.82 + 1.03*
DLCO/VA (%) 76.1 £23.0 76.5 + 23.1 745 + 22.5% 69.0 + 22.4* 89.3 £ 23.5%*
Laboratory findings
WBC (/uL*1000) 7.28 £ 243 7.16 £ 2.33% 7.53 + 2.62*% 7.51 £ 2.63* 6.78 + 2.09
Eosinophil (%) 327 £3.19 322 + 3.04 334 + 342 3.1 289 3.70 + 3.81
BEC (/uL) 227.4 £ 2475 221.1 £ 2263 239.8 + 285.1 223.8 + 250.7 232.7 £ 242.0
Hb (g/dL) 142 £ 1.6 142 = 1.6 142 £ |5 142 £ 1.5 142 £ 1.6
ESR (mm/h) 162 £ 16.7 15.6 + 16.3* 17.3 £ 17.5% 16.7 £ 16.9 16.4 £ 16.0
Quality of life
mMRC 1.30 £ 0.91 1.20 + 0.85*% 1.50 + 1.00* 1.38 £ 0.93* 1.08 £ 0.89*
CAT 14.0 £ 8.0 124 + 7.3% 17.1 + 8.5% 142 + 82 1.3 £72%
SGRQ-symptom 384214 334 + 18.3*% 51.7 + 22.0% 39.1 £21.9 32.6 + 20.0*
SGRQ-activity 38.6 £ 26.7 35.7 £ 25.3*% 44.8 £ 28.3* 41.0 £ 27.3*% 29.8 £ 23.1*
SGRQ-impact 20.6 £ 214 16.6 + 18.2* 28.8 + 25.0% 21.5 + 22.5% 143 £ 17.2%
SGRQ-total 29.5 £ 20.7 25.6 + 18.2% 37.7 £ 22.9% 30.7 + 21.6* 22.3 £ 16.8*
6MWD 3815+ 1162 383.1 + 1184 3810 1117 3849 = |14.1 340.3 + 117.8*
BODE index 227 £ 1.89 2.12 + |.84% 2.60 + 1.97% 245 +201%* 1.62 £ |.54*

(Continued)

1270  hoes International Journal of Chronic Obstructive Pulmonary Disease 2025:20



Koo et al

Table | (Continued).

Total Population Non-CB CB Emphysema PRISm
(N=3436) (N=2232) (N=1131) (N=1116) (N=73)
Exacerbation (1Y)
Moderate 568 (16.5%) 345 (15.5%)* 223 (19.7%)* 191 (17.1%)* 0 (0%)*
Severe 163 (4.7%) 102 (4.6%) 61 (5.4%) 66 (5.9%)* 0 (0%)
Total 626 (18.2%) 385 (17.3%)* 241 (21.3%)* 211 (18.9%)* 0 (0%)*

Note: *indicates a statistically significant difference compared to the total population.

Abbreviations: CB, chronic bronchitis; PRISm, preserved ratio impaired spirometry; PY, pack-year; GERD, gastro-esophageal reflux disease;
FEVI, forced expiratory volume in | second; FVC, forced vital capacity; DLCO, diffusion capacity; DLCO/VA, diffusion capacity/alveolar volume;
WBC, white blood cell; BEC, blood eosinophil count; Hb, hemoglobin; ESR, erythrocyte sedimentation rate; mMRC, modified Medical Research
Council; CAT, COPD assessment test; SGRQ, St. George Respiratory Questionnaire; 6MWD, 6-minute walk distance.

mMRC score was negatively associated with FEV1, FEV1 (%), FVC, DLCO, and DLCO (%). The SGRQ-activity score was
negatively correlated with FEV1, FEV1 (%), FVC, FEV1/FVC, DLCO, and DLCO (%). The association between pulmonary
function and six-minute walk distance (6MWD) was not significant.

Separate correlation matrices (e-Figure 3) and networks (Figure 1) were constructed for each patient subgroup to
compare the correlation patterns. The correlation networks revealed distinct patterns among the groups. In the non-CB
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Figure | Correlation networks. The correlation networks show the different patterns between the chronic obstructive pulmonary disease phenotype groups. (A) Non-
chronic bronchitis, (B) chronic bronchitis, (C) emphysema, and (D) preserved ratio impaired spirometry.

Abbreviations: CB, chronic bronchitis; PRISm, preserved ratio impaired spirometry; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; DLCO,
diffusion capacity of the lungs for carbon monoxide; WBC, white blood cell count; Eo, eosinophil; Hb, hemoglobin; ESR, erythrocyte sedimentation rate; mMRC, modified
Medical Research Council; CAT, COPD assessment test; SGRQ, Saint George’s Respiratory Questionnaire; 6MWD, 6-minute walk distance.
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group, the mMRC score was negatively associated with FEV1 and FEV1 (%), and the SGRQ-activity score was
negatively correlated with FEV1, FEV1 (%), FVC, and DLCO. No significant associations between pulmonary function,
blood biomarkers, CAT, SGRQ-symptom, SGRQ-impact scores, and the 6MWD were identified. In the CB group,
smoking status or FVC did not significantly differ between men and women. FEV1, FEV1 (%), FVC, FEV1/FVC,
DLCO, and DLCO (%) were closely and strongly associated with mMRC, CAT, and all domains of the SGRQ scores. No
significant association between pulmonary function and the 6MWD was identified. In the emphysema group, no
difference in smoking status or FVC was also observed between men and women. The 6MWD was negatively correlated
with age, mMRC, SGRQ-activity score, and SGRQ-impact score and positively correlated with DLCO. In the PRISm
group, patient age was negatively correlated with FEV1, FEV1 (%), FVC (%), and DLCO. Additionally, BMI was
negatively correlated with FVC and FVC (%), but not with DLCO or DLCO (%). The WBC count was positively
associated with the mMRC and SGRQ-activity scores. Increased hemoglobin levels were associated with higher mMRC
and SGRQ-activity scores. However, there was no significant association between pulmonary function and the mMRC,
CAT, SGRQ-symptom, SGRQ-activity, SGRQ-impact scores, or the 6MWD. The mMRC score was negatively asso-
ciated with the 6MWD. e-Figure 4 provides a summary of the P-values for the comparison of Spearman correlation
coefficients between each group and the total population. The correlation network identified 37 (17.6%) connections in
the non-CB group, 50 (23.8%) in the CB group, 45 (21.4%) in the emphysema group, and 42 (20.0%) in the PRISm
group out of a total of 210 possible connections.

Predictors of Exacerbations

During the 1-year follow-up, 568 (16.5%) moderate and 163 (4.7%) severe exacerbations occurred. Since 105 (3.1%)
patients experienced both moderate and severe exacerbations, a total of 626 (18.2%) moderate-to-severe exacerbations
were reported. The frequency of moderate exacerbations was increased in the CB and emphysema groups, and that of
severe exacerbations was elevated only in the emphysema group (Table 1). No patient in the PRISm group experienced
exacerbations. Significant variables were selected for multivariable analysis using LASSO regression, and the procedures
for selecting variables are depicted in e-Figure 5. Overall, exacerbations were associated with advanced age, lower BMI,
current smoking status, smoking amount, presence of asthma, history of tuberculosis, GERD, lower FEV1 (%), FVC (%),
and FEVI/FVC, and higher WBC count, eosinophil percentage, and ESR. In addition, higher SGRQ-symptom and
SGRQ total scores, lower 6 MWD, and higher BODE index were predictors of future exacerbations. The characteristics of
patients with history of tuberculosis are compared in e-Table 2.

In the non-CB group, exacerbations were associated with advanced age, lower BMI, current smoking status, smoking
amount, presence of asthma or GERD, and history of tuberculosis. Lower FEV1 (%) and FVC (%), and higher WBC
count, eosinophil percentage, ESR, SGRQ-symptom score, SGRQ total score, and BODE index were significantly
associated with exacerbations in this group. In the CB group, lower BMI, smoking amount, history of asthma,
tuberculosis, and GERD, lower FVC (%), FEV1/FVC, and DLCO (%), and higher WBC count, ESR, and SGRQ-
symptom, SGRQ-activity, and total SGRQ scores were associated with exacerbations. In the emphysema group,
advanced age, female sex, lower BMI, history of tuberculosis, lower FEV1 (%), and higher WBC count, ESR, SGRQ-
symptom, SGRQ total scores, and lower 6MWD were significantly associated with exacerbations (Table 2). The AUC of
the ROC curves was 0.729 (95% confidence interval [CI]: 0.677-0.781) for the total population, 0.725 (95% CI:
0.659-0.791) for the non-CB group, 0.731 (95% CI: 0.645-0.817) for the CB group, and 0.786 (95% CI:
0.719-0.853) for the emphysema group (Figure 2). The logistic regression models were validated using ten-fold cross-
validation. The predictive validities for the total population, non-CB, CB, and emphysema groups were 0.790, 0.791,
0.755, and 0.805, respectively.

Discussion

In this study, we identified the complex relationship between COPD-related factors and their distinct patterns in different
phenotypes. The non-CB group showed fewer correlations in the correlation network. In the non-CB group, FEV1, FEV1
(%), FVC, and DLCO were associated with a lower SGRQ-activity score. In the CB group, FEV1, FEV1 (%), FVC,
FEV1/FVC, DLCO, and DLCO (%) were strongly associated with mMRC, CAT, and all domains of the SGRQ score.
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Table 2 Predictors of Future Exacerbations

Total | Non-CB | CB Emphysema
Demographics
Age 1.005 1.005 - 1.002
Female sex - - - 1.052
BMI (kg/m?) 0.987 0.990 0.999 0.985
Smoking status 1.040 1.054 - -
Pack-year 1.003 1.001 1.005 -
Asthma 1.157 1.212 1.013 -
Tuberculosis 1.310 1.323 1.281 1.672
GERD 1.313 1.277 1.249 -
Pulmonary function
FEVI (%) 0.987 0.990 - 0.976
FVC (%) 0.996 0.995 0.990 -
FEVI/FVC 0.994 - 0.980 -
DLCO (%) - - 0.990 -
Laboratory findings
WBC (/uL*1000) 1.097 1.141 1.029 1.213
Eosinophil (%) 1.004 1.016 - -
Hb (g/dL) - - 0.998 -
ESR (mm/h) 1.010 1.011 1.007 1.003
Quality of life
mMRC - - - -
CAT - - - -
SGRQ-symptom 1.012 1.011 1.018 1.019
SGRQ-activity - - 1.001 -
SGRQ-impact - - - -
SGRQ-total 1.008 1.009 1.005 1.019
6MWD 0.999 - - 0.998
BODE index 1.003 1.089 - -

Abbreviations: CB, chronic bronchitis; BMI, body mass index; FEV1, forced expira-
tory volume in | second; FVC, forced vital capacity; DLCO, diffusion capacity;
DLCO/VA, diffusion capacity/alveolar volume; WBC, white blood cell; Hb, hemoglo-
bin; ESR, erythrocyte sedimentation rate; CAT, COPD assessment test; SGRQ,
St. George Respiratory Questionnaire; 6MWD, 6-minute walk distance.

The emphysema group showed a positive correlation between DLCO and the 6MWD. In the PRISm group, age was
inversely correlated with pulmonary function, including FEV1, FEV1 (%), FVC, FVC (%), and DLCO; however, the
associations between pulmonary function and respiratory symptoms or exercise capacity were weak. In the multivariable
analyses for future exacerbations, lower BMI, history of tuberculosis, higher WBC count, ESR, SGRQ-symptom score,
and total SGRQ score were identified as common risk factors for all groups, while specific risk factors were identified for
each patient group. A lower FEV1 was not significant as a predictor of exacerbations in the CB group.

COPD is suspected in any patient with dyspnea, chronic cough, or sputum production and a history of exposure to
risk factors for the disease. To establish a diagnosis of COPD, a post-bronchodilator FEV1/FVC of <0.7 on spirometry is
required.®*? However, pulmonary function tests do not fully capture the heterogeneity of COPD and do not adequately
represent patient health status.”> Therefore, the severity of airflow obstruction was removed from the combined
assessment scheme due to its insufficient power to predict outcomes and guide treatment, and a multidimensional staging
system that includes quality of life and exacerbation history has been adopted for the clinical assessment of COPD.*

In previous review on predicting future exacerbations, distinct variables have been identified across different
studies.”* These discrepancies may be attributed to variations in study populations or differences in the definition of
exacerbations. However, we found that differences in COPD phenotypes are responsible for the poor precision of lung

function in terms of symptoms, exercise capacity, and future exacerbations. Different patient selection strategies may
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Figure 2 Receiver operating characteristic curves. The receiver operating characteristic curves representing the risk of future exacerbations in the (A) total population, (B)
non-chronic bronchitis group, (C) chronic bronchitis group, and (D) emphysema group are shown.
Abbreviations: CB, chronic bronchitis; AUC, area under the curve of the receiver operating characteristic curve.

account for the inconsistent results of previous association studies. Therefore, subtype-based personalized approach
would be necessary to better predict the characteristics and prognosis in COPD patients.

Consistent with previous studies,>*> >

our findings demonstrated that the CB group exhibited worse symptoms,
lower quality of life, and higher rate of exacerbations. Regarding the predictors of exacerbations, lower BMI, history of
tuberculosis, and elevated WBC and ESR were identified as common risk factors for future exacerbation. The association
between lower BMI and exacerbations suggests that malnutrition and muscle wasting might contribute to impaired
immune function and respiratory muscle weakness, consequently leading to higher mortality in COPD. These factors
could also affect airway clearance, exercise tolerance, and overall exacerbation risk. The link between elevated WBC,
ESR, and exacerbation supports the hypothesis that chronic inflammation contributes to airway instability, mucus
hypersecretion, and increased susceptibility to infection.”* Additionally, since inflammatory markers and frequency of
exacerbations were elevated in patients with history of tuberculosis, consistent with previous study,?® tuberculosis may be
linked to local airway inflammation, further predisposing patients to exacerbations.

In our study, pulmonary function was sufficient to predict respiratory symptoms in the CB group, but it was less
accurate in the non-CB and PRISm groups. In contrast, exercise capacity was significantly associated with DLCO only in
the emphysema group. Our results indicate that DLCO must be evaluated to predict exercise capacity in the emphysema
group and future exacerbations in the CB group. Furthermore, while the SGRQ-activity score accurately reflected
pulmonary function in the non-CB, CB, and emphysema groups, the SGRQ-symptom score should be carefully evaluated
to predict future exacerbations.
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Recently, the significance of blood eosinophil count as a biomarker of COPD has been extensively documented.
An elevated blood eosinophil count serves as an indicator of a higher risk of future exacerbations and a more
favorable response to inhaled corticosteroid (ICS) treatment.”’ % In the current study, the proportion of patients
with history of asthma was higher in the CB group, potentially representing the asthma-COPD overlap phenotype.
However, blood eosinophil counts did not differ significantly between groups. History of asthma was a significant
predictor for future exacerbations in both the non-CB and CB group, while blood eosinophil counts were more
relevant in the non-CB group than in the CB or emphysema group. Further research is needed to refine the
indication for ICS containing regimen and advance personalized treatment strategies.

According to the GOLD guidelines, additional tests are needed when there is a marked discrepancy between the level of
airflow obstruction and perceived symptoms,® including lung volume measurements, DLCO, arterial blood gas analysis, and
exercise testing. In the current study, the mMRC, CAT, and SGRQ scores were attributed to various pulmonary functions in
the CB group; in contrast, DLCO was associated with the 6MWD only in the emphysema group. Our study results were
consistent with the traditional emphasis on DLCO in patients with emphysema. Interestingly, DLCO was associated with
dyspnea and quality of life in the CB group, but not with exercise capacity; however, reduced DLCO was associated with
future exacerbations in the CB group. On the contrary, DLCO was associated with exercise capacity, but not with future
exacerbations in the emphysema group. Therefore, more research regarding the importance of DLCO is necessary. In the
PRISm group, no correlation was observed between lung function and respiratory symptoms or exercise capacity. The
PRISm group still remains a novel phenotype that requires a deeper understanding of its clinical manifestations. Further
studies are required to better understand the disease pathogenesis in patients with PRISm.

The key novelty of our study lies in the network-based approach, which is increasingly popular for the comprehensive
analysis of big data. Furthermore, the inclusion of PRISm patients also offers a novel perspective, as the clinical implications
for this group remain poorly understood. However, our study also has several limitations. We recorded only whether an
exacerbation occurred, without capturing the precise timing during follow-up. Consequently, time-based analyses, such as
survival analysis, were not feasible. We also did not compare mortality between the patient subgroups. In addition, there was
insufficient power to compare the rate of lung function decline between the patient groups. Lastly, although we were able to
identify characteristic differences between COPD subtypes, the underlying mechanisms driving these differences could not
be determined through our study design. Further research should incorporate more detailed data on exacerbation timing and
patient outcomes, enabling a more comprehensive analysis of exacerbation pattern, disease progression, and mortality.
Additional efforts are required to generalize and understand the pathophysiology underlying each COPD phenotype.

In conclusion, the correlation patterns between variables and risk factors for exacerbation are significantly different
among the COPD phenotypes. To enable personalized medicine, separate diagnostic and prognostic strategies must be
developed for each heterogeneous disease phenotype.

Abbreviations

6MWD, six-minute walk distance; BMI, body mass index; CAT, chronic obstructive pulmonary disease assessment test;
CB, chronic bronchitis; COPD, chronic obstructive pulmonary disease; DLCO, diffusion capacity of the lungs for carbon
monoxide; ESR, erythrocyte sedimentation rate; FEV1, forced expiratory volume in one second; FVC, forced vital
capacity; KOCOSS, Korean COPD Subtype Study; mMRC, modified Medical Research Council; PRISm, preserved ratio
impaired spirometry; SGRQ, Saint George’s Respiratory Questionnaire; WBC, white blood cell.
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